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Tuesday, February 28, 2012 563aenables us to simulate flow in deforming cell easily. We found qualitative and
quantitative agreement of flow dynamics in experiment with that in simulation.
Furthermore, in simulation, we also recapitulated flow caused by pronuclear-
movements in vivo. Collectively, our results indicate that hydrodynamics for
simple fluid is a prominent coarse-graining model for describing cytoplasmic
streaming (Niwayama et al., 2011, PNAS, 108: 11900-11905). Using this
model and Bayesian statistical technique, we are currently trying to estimate
the distribution of the forces which generate cytoplasmic streaming.
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The cytoplasm represents the largest part of the cell by volume and hence its
rheology sets the rate at which cellular shape change can occur. To date, the
cytoplasm has generally been modelled as a single-phase viscoelastic material;
however, recent experimental evidence suggests that its rheology is better de-
scribed using a poroelastic formulation in which the cytoplasm is considered to
be a biphasic system constituted of a porous elastic solid meshwork (cytoskel-
eton, organelles, macromolecules) bathed in an interstitial fluid (cytosol). In
this framework, a single parameter, the poroelastic diffusion constant Dp,
sets cellular rheology scaling as Dp~Ex^2/m with E the elastic modulus, x the
hydraulic pore size, and m the cytosolic viscosity. Here we measure Dp in cells
by fitting experimental stress relaxation curves in response to rapid application
of a localised force by atomic force microscopy microindentation. Next, using
indentation tests in conjunction with osmotic perturbations, we qualitatively
verified the validity of the predicted scaling of Dp with pore size. Using chem-
ical and genetic perturbations, we show that cytoplasmic rheology depends
strongly on the integrity of the actin cytoskeleton but not on microtubules or
intermediate filaments. Finally, we show that the short-time scale effective vis-
coelasticity of a cell is due to water redistribution within the cytoplasm and re-
late the cytoplasmic viscosity to cellular microstructure.
2859-Pos Board B629
Power-Law Rheology of Normal and Cancer Cells Investigated by Atomic
Force Microscopy
Ryosuke Takahashi, Yusuke Mizutani, Koichi Kawahara,
Takaharu Okajima.
Hokkaido University, Sapporo, Japan.
Measurements of cell mechanics are crucial not only for understanding various
cell behaviors such as migration and proliferation but also for distinguishing
different types of cells. It has been reported that the stiffness of cancer cells
is smaller than that of normal cells [1, 2]. However, it is little known how rhe-
ological properties of cells differs between normal and cancer cells. In this
study, we measured the complex shear modulus, G*, of human mammary ep-
ithelial cells (MCF-10A) as normal cell and human mammary adenocarcinoma
cells (MCF-7) as cancer cell by atomic force microscopy (AFM) with microar-
ray technique [3, 4], in a frequency range of 2-180 Hz. It was observed that G*
of both types of cells followed a power-law rheology [5]. We found that the
elastic modulus at a frequency of the normal cells was significantly larger
than that of the cancer cells, which was consistent with that reported previously
[6]. Moreover, the power-law exponent and Newtonian viscous damping coef-
ficient also had significant difference between the normal and cancer cells, sug-
gesting that the set of parameters of power-law rheology is a useful indicator for
distinguishing normal and cancer cells. We will present in detail how the en-
semble distribution of power-law rheology of normal and cancer cells is af-
fected by the modification of cytoskeletal structures.
[1] J. Guck, et al., Biophys. J. 88, 3689 (2005), [2] S. E. Cross, et al., Nat. Nano-
tech. 2, 780 (2007), [3] Y. Mizutani, et al., Jpn. J. Appl. Phys. 47, 6177 (2008),
[4] S. Hiratsuka, et al., Ultramicroscopy 109, 937 (2009), [5] B. Fabry, et al.,
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We combine a multiscale modeling approach and the Dissipative Particle Dy-
namics to simulate erythrocytes (red blood cells, RBCs) in circulation, and fo-
cus on the splenic clearance of healthy RBCs, malaria-infected RBCs and
spherocytes in hereditary spherocytosis anemia. Our multiscale approach in-
cludes a Monte Carlo model of spectrins with domain unfolding reactions,
a Brownian Dynamics model of the junctional complex with detailed proteinconnectivity and a whole cell finite element model with the bilayer-skeleton
friction derived from measured transmembrane protein mobility. The fluid-
cell interaction problem is solved using the Dissipative Particle Dynamics
and a Boundary Element Method of Stokes flow. We first validate our models
by predicting RBC shapes in capillary and shear flows, and compare our results
of the skeleton density variation in micropipette aspiration and tank-treading
frequency with experiments. Then we carry out systematic analysis of the crit-
ical conditions of RBCs passing through the endothelial slits in the spleen, in-
cluding the effects of cell size, membrane stiffness, sphericity and slit size.
Furthermore, we found that the skeleton density variation and the bilayer-
skeleton interaction force are much larger in spherocytes than in healthy
RBCs for both splenic passage and shear flow, which may lead to further bila-
yer loss and explain the development of hereditary spherocytosis. In addition,
we also build a model of malaria-infected RBCs (iRBCs) in asexual stage, es-
pecially during ring stage using the experimentally obtained iRBC shape and
rigidity. The estimated spleen retention rate of iRBCs is consistent with recent
experimental data. Finally, to understand why only mature iRBCs in sexual
forms (gametocytes) are observed in peripheral blood for uptake in the mos-
quito meal, models of gametocytes are constructed and the simulation results
suggest that spleen retention is a possible mechanism.
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Live Cell Interferometry (LCI) is a real time imaging technology that is ex-
tremely well suited to capture motion on the micro- and even nano-scale, with
a temporal dynamic range and field of
view that far exceeds scanning probe tech-
niques. We will describe the development
and application of LCI for rapid, real-
time quantification of single-cell mass
changes in human embryonic stem cells
andpopulationsof cells exposed toa chang-
ing external and internal environments.
LCI is a conceptual advance in providing
a mechanism to assess whole populations
of cells, one cell at a time, for identifying,
tracking/monitoring, and measuring cellu-
lar responses, such as to therapeutic drugs.2862-Pos Board B632
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Cell monolayers are some of the simplest tissues of multi-cellular organisms,
yet maintaining their mechanical integrity is vital during normal physiology
and development. Constituent cells of monolayers are interfaced to one another
via specialised intercellular adhesions that interface cellular cytoskeletons to
one another. Mutations in cytoskeletal or adhesive proteins lead to clinical
symptoms associated with increased tissue fragility. However, there exists
presently no experimental method to characterise in vitro monolayer physical
properties. We have developed a novel system for tensile testing of cell mono-
layers freely suspended between two test rods. Using this we were able to show,
that monolayers are three-orders of magnitude stiffer than isolated cells, that
the actin cytoskeleton is the major contributor to monolayer elasticity, and
that keratin intermediate filaments appear load-bearing during sheet extension.
We show that on the timescales of our experiments monolayers extend via cell
shape change rather than active rearrangement. Hence, the ability of single cells
within the monolayer to dramatically change shape whilst maintaining intercel-
lular adhesion allows cell monolayers to be durable but maintain barrier func-
tion, a characteristic which is invaluable in for example morphogenesis. Our
technique allows for characterisation of intercellular adhesion energy and tissue
mechanics in cultured monolayers at high throughput with minimal experimen-
tal complexity.
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A single cell spreading on a substrate involves different mechanisms: the cell
adhesion to the extracellular matrix (ECM), the mechanosensing of environ-
mental cues, the cytoskeleton that is continuously reorganized and the assembly
of new ECM proteins on the substrate.
